To elucidate the risk factors for initiating glucose intolerance, the relevant factors were explored in a cross-sectional survey conducted in a sample population aged 40-79 years old selected from a Japanese community, Hisayama, Japan in 1988. A 75-g oral glucose tolerance test was used to classify 1,073 men (72.5 % of the entire population in the same age range) and 1,407 women (80.5 %) into normal, impaired glucose tolerance and diabetes mellitus groups. In all age and sex groups with normal glucose tolerance, the sum of fasting and 2-h post-load insulin values varied widely and demonstrated significant positive correlations with triglycerides, body mass index, waist-hip ratio, systolic and diastolic blood pressure, while it negatively correlated to HDL cholesterol (p < 0.05). Insulin resistance was presumed to develop in normal glucose tolerance subj ects with hyperinsulinaemia. The sum of the insulin concentrations, triglycerides, body mass index, waist-hip ratio and blood pressure levels was significantly associated with impaired glucose tolerance in all age and sex groups after adjustment for age (p < 0.05) and was also related to diabetes in either all or some age and sex groups, respectively (p < 0.05). It was shown that glucose intolerance in the general population was associated with the factors related to insulin resistance. These cross-sectional data, therefore, support the hypothesis that insulin resistance is the primary defect in the development of glucose intolerance in the Japanese general population. However, a further prospective study is still needed in order to confirm this hypothesis. [Diabetologia (1994) 37: 897-904] 
of NIDDM [3] [4] [5] [6] [7] . In this situation, beta-cell dysfunction is presumed to play a critical role in the later stages of deterioration of glucose intolerance [5, 8, 9] . However, a reduction in the beta-cell mass has been demonstrated in the early stages of diabetes in the black population of southern Africa [10, 11] . A study using continuous glucose infusion has suggested that beta-cell dysfunction is the primary cause for the initiation of familial NIDDM in Caucasians [12] . These conflicting findings indicate that there may be a difference in the pathogenesis of diabetes in ethnic groups.
This dispute has not been settled regarding the ethnic Japanese population. In Japanese-American men [13] , the association of insulin resistance with the development of NIDDM has been demonstra- Values are means + SD or frequencies (%) of each factor, ap < 0.05, bp < 0.01 (IGTor diabetes vs normal glucose tolerance). IGT, impaired glucose tolerance; BR Blood pressure ted, while a diminished insulin response was considered to be a risk factor for the deterioration to diabetes in clinical surveys of native Japanese out-patients who initially demonstrated mild glucose intolerance [14, 15] . There have been no studies evaluating the contributing factors in the development of glucose intolerance from normal glucose tolerance in the native Japanese population.
We have already reported a much higher prevalence of NIDDM and impaired glucose tolerance in a Japanese community, Hisayama (the Hisayama study) than those previously reported in Japan [16] , In this study we investigate the important factors that contribute to the development of glucose intolerance from normal glucose tolerance, using cross-sectional data.
Subjects and methods
Subjects. The enrollment criteria, characteristics of the study population, and the overall design of the Hisayama study have been previously described in detail [16] , wherein the population of the town of Hisayama was shown to be representative of the Japanese general population. We have studied the prevalence of diabetes based on data from a cross-sectional examination performed during 29 June-14 November 1988. Of a total of 3,227 residents aged 40-79, 2,587 (80.2 %) consented to participate.
The examination included an interview at which enquiries were made about diabetes and other previously diagnosed diseases and also about use of insulin and oral hypoglycaemic agents. All persons on insulin therapy had been diagnosed as having NIDDM by their attendant physicians. Personal drinking and smoking habits, as well as family history of diabetes were also assessed.
After the interviews, we excluded 92 participants from the study at the 75-g OGTT, since 82 of them had eaten breakfast on the morning of examination and 10 were on insulin therapy for NIDDM. We could not complete the OGTTon 15 subjects because of complaints of nausea or general fatigue during the ingestion of glucose. Subjects receiving oral hypoglycaemic agents were requested to avoid taking their medication until completing the OGTT. Therefore, the OGTT was successfully completed on 1,073 men (72.5 % of the whole population in the same age range) and 1,407 women (80.5 %), in total.
Methods. Blood pressure was measured three times using a mercury sphygmomanometer (standard cuff size) with the subjects in the sitting position, and the average of the three values was used for the analyses.
Anthropometric measurements (height, weight, subscapular and triceps skinfold thickness, waist and hip circumferences) were made after the subjects had removed their clothes, shoes and socks. Using a Keys-Brosek skinfold caliper (Imoto Ikakikai Inc., Fukuoka, Japan), the subscapular skinfold thickness was measured just below the inferior angle of the right scapula. The triceps skinfold thickness was determined at the mid-line of the posterior aspect of the right arm, over triceps muscle, at the mid point between the acromial process of the scapula and the inferior margin of the olecranon process of the ulna. The waist circumference was measured at the level of the umbilicus. All measurements were taken after the subjects exhaled. The hip circumference was measured around the buttocks 4 cm below the anterior superior iliac spine. As a measure of obesity, the three following indices were used. The body mass index (kg/m 2) was chosen as the indicator of whole-body obesity, the subscapular/triceps ratio for that of central adiposity, and waist-hip ratio for that of abdominal fat accumulation. Participants who either smoked cigarettes daily or drank alcohol daily were categorized as habitual smokers or drinkers. Diabetes in first or second degree relatives indicated a family history of diabetes.
Laboratory methods. The study subjects ingested glucose and other carbohydrate solutions equivalent to 75-g of anhydrate glucose (Trelan G, Shimizu Pharmaceutical, Shimizu, Japan) between 08.00 and 10.30 a.m. after at least a 12-h overnight Values are means _+ SD or frequencies (%) of each factor, ap < 0.05, bp < 0.01 (IGTor diabetes vs normal glucose tolerance). IGT, Impaired glucose tolerance; BR blood pressure Table 3 . Partial correlation analyses adjusting for age between insulin and other variables in the subjects with normal glucose tolerance According to World Health Organisation criteria [17], the subjects were divided into those with NIDDM, impaired glucose tolerance, and normal glucose tolerance. Inclusion into the diabetic group required fasting plasma glucose more than 7.8 mmol/1 or a 2-h plasma glucose value more than 11.1 mmol/1. The subjects with fasting plasma glucose less than 7.8 mmol/1 and a 2-h value between 7.8 and 11.1 mmol/1 were categorized as having impaired glucose tolerance.
The average of fasting insulin values for the study subjects was low, and the frequency distribution curve was skewed toward the upper insulin level even after transformation into logarithms, while that of the integrated fasting and 2-h postload insulin levels showed a normal distribution curve (data not shown). Reaven et ~/1. [18] and Hollenbeck et al. [19] reported a positive correlation between the integrated insulin levels during the OGTT and insulin resistance in normal glucose tolerance subjects. Referring to these studies, we utilized the sum of fasting and 2-h post-load insulin levels as an indicator for insulin resistance in subjects with normal glucose tolerance.
fast. To determine plasma glucose, serum insulin and lipid concentrations, blood was drawn twice from an antecubital vein before and 120 min after the ingestion of the glucose using simple vacutainer tubes and those with heparin, EDTA, and sodium fluoride. Blood specimens were transferred immediately after venupuncture to the central study laboratory (JML Inc., Fukuoka, Japan) in ice-cooled containers, where the tubes were centrifuged, and either the serum or plasma were separated. Plasma glucose was determined by the glucose-oxidase method using a Glucoroder-MK2 (A & T Inc., Tokyo, Japan). The serum insulin level was determined by a commercial double-antibody solid-phase radioimmunoassay (Phadeseph Insulin; Pharmacia Diagnostics, Uppsala, Sweden). A fasting blood sample was used for the determination of lipid concentration. The total cholesterol, HDL cholesterol and triglycerides were all enzymatically determined using an autoanalyser (TBA-80S; Toshiba Inc., Tokyo, Japan). The determination of
Statistical analysis
The SAS computer package (SAS Institute, Cary, N. C., USA) [20, 21] was used to perform all statistical analyses. Among the variables possibly related to glucose intolerance, age, insulin concentrations, systolic and diastolic blood pressure, lipid concentrations, body mass index, waist-hip ratio and subscapular/triceps ratio were all taken as continuous variables in the analyses. Drinking and smoking habits, and family history of diabetes were analysed as categorical data, and they were coded as either 1 or 0 according to the presence or absence of each factor, respectively. In order to correct skewed distribution, the insulin and triglyceride concentrations were transformed to logarithms, and then again were transformed to natural units after obtaining the means and standard deviations. The average values and standard deviation for serum lipids by either glucose intolerance or the insulin levels. The normal glucose tolerance subjects were divided into three groups according to the sum of fasting and 2-h post-load insulin levels. N1, the lowest, N2, the middle, N3, the highest tertile of the insulin levels in normal glucose tolerance. I, impaired glucose tolerance. DM, diabetes mellitus. * p < 0.05 (vs N1) and the difference in the frequency of categorical data was evaluated by the chi-square test (Table 1, Table 2 , Figs. 1-4) . To ascertain the relationship between the insulin values and the other variables, we used Spearman's rank correlation analyses taking age into account (Table 3) . Bivariate logistic regression analysis (age-adjustment) was utilized to evaluate how closely each variable was associated with either impaired glucose tolerance or diabetes, and the degree of the association was expressed by odds ratio (Table 4,  Table 5 ). In analysing the factors related to impaired glucose tolerance, we assigned impaired glucose tolerance as code 1 for an objective variable in the logistic regression model and normal glucose tolerance as code 0. While evaluating the factors associated with diabetes, the objective variable of diabetes was allocated to code 1 and that of normal glucose tolerance to code 0. The average values and standard deviation for blood pressure by glucose intolerance or the insulin levels. The normal glucose tolerance subjects were divided into three groups according to the sum of fasting and 2-h post-load insulin levels. N1, the lowest, N2, the middle, N3, the highest tertile of the insulin levels in normal glucose tolerance. I, impaired glucose tolerance. DM, diabetes mellitus. * p < 0.05 (vs N1)
Results
We compared the mean values or frequencies of factors possibly related to glucose intolerance among the three groups, namely, the subjects with either im- Table 2 ).
The fasting, 2-hour post-load insulin, triglyceride, systolic and diastolic blood pressure were all higher in subjects with impaired glucose tolerance than in those with normal glucose tolerance irrespective of age or sex (p < 0.05). The waist-hip ratio was greater in subjects with impaired glucose tolerance aged 40-59 years, and the body mass index was larger in those aged 60-79 years than those in the respective normal groups (p < 0.05).
Diabetic subjects demonstrated higher fasting and post-load insulin concentrations, higher triglyceride levels, and a greater waist-hip ratio and higher systolic blood pressure than normal subjects in all age and sex groups (p < 0.05). Subjects with diabetes also had a greater body mass index, a more elevated diastolic blood pressure, a higher frequency of family history of diabetes for those aged 40-59, and a greater subscapular/triceps ratio for those aged 60-79 than normal subjects in the respective age group (p < 0.05).
The age-adjusted partial correlation coefficients of the lipid levels, obesity and blood pressure with the sum of fasting and 2-h post-load insulin levels which reflects insulin resistance are shown for the subjects 9O2 with normal glucose tolerance in Table 3 . In all age and sex groups, triglyceride, body mass index, waisthip ratio, and systolic and diastolic blood pressure were all positively correlated with the sum of insulin (p < 0.05) and HDL cholesterol was negatively correlated (p < 0.05). These correlations suggest that the higher triglyceride levels, blood pressure, obesity and the lower HDL cholesterol levels were all related to insulin resistance.
In addition to impaired glucose tolerance and diabetes, we divided the normal glucose tolerance subjects into three groups on the basis of tertiles of the sum of fasting and 2-h post-load insulin values. The average levels of insulin, lipids, obesity and blood pressure were compared among these five groups (Figs. 1-4) . The sum of fasting and 2-h post-load insulin levels varied more than threefold within the normal glucose tolerance groups. The insulin levels for the subjects classified into the highest tertile of the sum of insulin in normal glucose tolerance reached almost identical levels to those for either impaired glucose tolerance or diabetes in all age and sex groups (Fig. 1) . The average values of triglycerides, waisthip ratio, body mass index, systolic and diastolic blood pressure for the group belonging to the highest tertile of insulin in the normal glucose tolerance group tended to be higher than those in the remaining subjects with normal glucose tolerance and close to those in the groups with either impaired glucose tolerance or diabetes irrespective of age and sex (Figs. 2-4 ). This evidence suggests that insulin resistance starts during the period of normal glucose tolerance, as the serum insulin level and the manifestations of insulin resistance such as raised triglyceride levels, obesity, and raised blood pressure in normal glucose tolerance subjects with high insulin values were close to those of glucose intolerance.
HDL cholesterol levels in diabetic men were higher than those in male subjects included into the highest tertile of insulin in normal glucose tolerance and similar to those for the remaining normal glucose tolerance subjects (Fig. 2) .
To elucidate whether impaired glucose tolerance and diabetes are associated with the insulin resistance syndrome, we carried out bivariate logistic regression analyses on either impaired glucose tolerance or diabetes, where age and other factors related to glucose intolerance were subjected to the independent variables. Table 4 shows odds ratios related to impaired glucose tolerance for each variable after age-adjustment. The sum of fasting and 2-h postload insulin concentrations, systolic and diastolic blood pressure, triglycerides, body mass index and waist-hip ratio were all significantly related to impaired glucose tolerance in all sex and age groups (p < 0.05). Low HDL cholesterol levels had a significant effect on impaired glucose tolerance in men aged 40-59 years and women aged 60-79 years T. Ohmura et al.: Insulin resistance syndrome in Japanese (p < 0.05). However, total cholesterol, subscapular/ triceps ratio, family history of diabetes, and drinking habits demonstrated no association with impaired glucose tolerance after age-adjustment for any sex or age group (p > 0.05).
We also examined the influence of various factors on diabetes by bivariate logistic regression analyses, while taking age into account. Table 5 shows the ageadjusted odds ratio for each variable related to diabetes. The sum of insulin, systolic blood pressure, triglycerides and the waist-hip ratio significantly increased the risk for diabetes in all age and sex groups (p < 0.05). Diastolic blood pressure, total cholesterol, body mass index, subscapular/triceps ratio, a family history of diabetes and drinking habits were also related to diabetes in some age or sex groups (p < 0.05). A low HDL cholesterol level only had a significant association with diabetes for women aged 40-59 years (p < 0.05).
It was shown that insulin-resistant disorders including high triglyceride, an elevated blood pressure and obesity were commonly related to impaired glucose tolerance and to diabetes in both sexes.
Discussion
In order to examine whether or not insulin resistance is a risk factor for the initial development of glucose intolerance in the Japanese general population, we examined the association of the insulin resistance syndrome and glucose intolerance in a sample population of Hisayama residents.
The coexistence of glucose intolerance, dyslipidaemia, hypertension and obesity has been termed the 'deadly quartet' by Kaplan [22] , and the clustering of glucose intolerance, hyperinsulinaemia, dyslipidaemia, hypertension on the basis of insulin resistance as 'syndrome X' by Reaven [23] . This insulinresistance syndrome was ascertained in a general population of Mexican Americans by the San Antonio Heart Study [24, 25] .
Our data showed that, in subjects with normal glucose tolerance, hypertriglyceridaemia, obesity, higher blood pressure, and lower HDL cholesterol level were all significantly associated with higher insulin levels reflecting insulin resistance. Since these insulin resistant disorders were also related to both impaired glucose tolerance and diabetes in all or many age and sex groups in logistic regression analyses, glucose intolerance was considered to be associated with insulin resistance in the present study. The insulin levels in those with normal glucose tolerance varied widely and insulin resistance disorders tended to be accumulated in those with high insulin levels in the range of normal glucose tolerance. It seems rational to suggest that insulin resistance begins to increase in subjects with normal glucose tolerance who have high insulin values. These data thus support the hypothesis that insulin resistance is the primary defect in the development of NIDDM.
In logistic regression analyses, the insulin values were positively related to both impaired glucose tolerance and diabetes in all age and sex groups. In subjects with glucose intolerance, raised insulin levels after a glucose load might result not only from insulin resistance but also from either a delayed insulin response or elevated levels of proinsulin and other intermediates which cross-react with an insulin assay. However, since other factors reflecting insulin resistance, such as triglycerides, indices of obesity and blood pressure were also positively associated with impaired glucose tolerance and with diabetes, higher insulin levels might partially reflect the increased insulin resistance in subjects with glucose intolerance.
The HDL cholesterol levels in diabetic men were higher than those in the subjects belonging to the normal glucose tolerance group with high insulin levels. No association was observed in men between HDL cholesterol and diabetes in the logistic analyses of the present study. Since diabetic men tended to drink more, alcohol intake might elevate their HDL cholesterol in spite of their increased insulin resistance.
A family history of diabetes has been considered to be a risk factor for diabetes in many studies [26, [27] [28] [29] [30] [31] [32] , and the Paris Prospective Study [33] demonstrated that alcohol consumption was associated with the development of diabetes in men diagnosed by an OGTT. In our study, neither a family history of diabetes nor drinking habits were associated with impaired glucose tolerance in the logistic analyses, whereas these two factors were significantly related to diabetes in some age and sex groups. A family history: of diabetes might be a manifestation of a gene expression which could worsen glucose intolerance, while alcohol ingestion could accelerate the progression from impaired glucose tolerance to diabetes.
Because of the cross-sectional design of this study, only an initial role for insulin resistance causing glucose intolerance could be shown. It is still unclear whether hyperinsulinaemia is a result or a predictor of glucose intolerance. Some prospective studies have shown multiple metabolic disorders such as hyperinsulinaemia or an elevated C-peptide level predicting the onset of glucose intolerance from non-diabetic subjects [4-6, 13, 34] . However, there have been no prospective studies in terms of the development of glucose intolerance in the Japanese general population with normal glucose tolerance. A further prospective study on the development of glucose intolerance in subjects with normal glucose tolerance would be needed particularly for the Japanese population, since the prevalence of diabetes is considered to be on the increase. 
